ABSTRACT T-2 toxin, a mycotoxin produced by Fusarium tricinctum, inhibited elongation of excised hypocotyl sections of Glycine max var. Hawkeye 63. Auxin-promoted elongation was inhibited more severely than was control elongation, and a 1 hour preincubation of 5 AM toxin prevented the induction of a faster rate of elongation by auxin. While the inhibition of elongation by cytokinin was similar to that of the toxin, the mode of action of the two compounds appeared to be different, i.e. their effects on elongation were additive, and only kinetin promoted radial enlargement. Toxin treatment did not diminish cytokinin-induced radial enlargement. The properties of the plasma membrane, as measured by electrolyte leakage, were not affected by the toxin.
Fusarium tricinctum (Cda.) Synd. and Hans. produces a potent phytotoxin, 4, 15-diacetoxy-8-(3-methylbutyryloxy)-12, 13-epoxy-A9-trichothene-3-ol (T-2 toxin, see Bamburg and Strong, ref. 2) . This toxin is one of over twenty 12,13-epoxytrichothene toxins that affect both plants and animals (2, 3, 11) . Marasas et al. (11) reported that a 24 hr treatment with 1.34 Mm T-2 toxin inhibited growth (fresh weight and length) of pea seedlings. Similar results of toxicity were reported for other toxins of this type by Brian et al. (3) . To determine whether the alterations in growth might be related to hormone-mediated control of cell growth, we have analyzed these effects of T-2 toxin on growth in the excised soybean hypocotyl system (10, 16, 17) using the fast growth apparatus, modified from the original design of Evans and Ray (4).
MATERIALS AND METHODS
Seeds (Glycine max, var. Hawkeye 63) were 1 cm) of water-saturated vermiculite. For the first 48 hr, the dishes were covered with Saran wrap with 12 razor slits for air circulation. The Saran wrap was then removed, the dish was shaken gently, and the seedlings were watered and allowed to grow 24 hr more. Growth conditions: darkness, 30 C, 80% relative humidity.
The toxin from Fusarium tricinctum, strain T-2, was the generous gift of E. B. Smalley (Department of Plant Pathology, University of Wisconsin, Madison). It was prepared according to the methods of Marasas et al. (11) and references therein. Analysis and molecular weight determination have shown the crystalline (sheaves of white needles) product to be pure. Gas and paper chromatography of the toxin showed a single peak.
For 8-hr incubations, 1 cm hypocotyl sections containing elongating cells (0.5-1.5 cm from cotyledon) were removed with razor blades and stored on ice for not longer than 2 hr in 1% (w/v) sucrose, at which time they were washed with distilled water. Twenty sections were incubated in 25 ml Erlenmeyer flasks with vented metal caps in 4 ml of basal medium containing 5 mM KHYPO4, pH 6.0, 30 mm sucrose, and a bacteriostat (80 ,uM chloramphenicol) at 30 C in a reciprocating shaking water bath. When present, 45 !M auxin (2,4-D) was used. Toxin concentrations are reported for each experiment. After 8 hr the tissue sections were washed with distilled water, blotted dry, and the increases in weight and length were determined. There were two replicates of each treatment in all experiments, and all experiments were repeated twice. Data are presented as the mean + (t for 0.01 X SD).
For short term experiments, an apparatus similar to that described by Evans and Ray (4) was used. One-centimeter tissue sections, identical to those used in long term experiments, were preincubated in 30 ml of 30 mm sucrose containing 5 mM KH,PO, pH 6.0, for 1 hr at room temperature in the dark. The tissue was then drained, rinsed, and 24 segments were loaded into the Plexiglas tissue holder. After an appropriate time (see individual experiments) in sucrose-phosphate buffer, the solution was drained and replaced with sucrose-phosphate buffer containing 45 pM auxin or toxin or both. The run was terminated 45 or 80 min after auxin addition. Concentrations of T-2 toxin are given with the individual experiments.
The measurement of electrolyte leakage was performed according to the method of Saftner and Evans (14) . Cheesecloth bags (1 layer of cheesecloth) containing 4 g of tissue were vacuum infiltrated for 5 min in 60 ml of sucrose-buffer (30 mm sucrose containing 5.0 mM KHYPO,, pH 6.0). Concentrations of auxin and T-2 toxin, when present, were 45 Mm and 5 /LM, respectively. All solutions were adjusted to a conductance Plant Physiol. Vol. 52, 1973 of approximately 710 /.tmho with NaCl prior to vacuum infiltration. Each bag was then transferred to 40 ml of the appropriate solution (identical to the one with which it had been vacuum infiltrated) for conductance measurements. A YSI Model 31 conductivity bridge (Yellow Springs Instrument Co., Yellow Springs, Ohio) was used in all experiments.
RESULTS
When tissue segments were preincubated 1 hr in 5 ,tM toxin before transfer to the growth chamber, the short term auxin response in soybean hypocotyl segments was almost eliminated (Fig. 1 , Table I ). Although the final rate of elongation in auxin plus toxin was slightly greater than the rate of elongation during the lag period (which, in turn, was always unaccountably slightly less than the control rate), the auxin rate was still no greater than the control rate. Even at the lowest toxin concentration (0.1 /tM), the lag time and the final auxin rate were significantly affected (Table I) .
Auxin-promoted elongation was affected approximately 45 min after toxin addition (Fig. 2) . For example, when toxin and auxin were added simultaneously (curve B, Fig. 2 ), a normal auxin response was observed within 15 min (compare to curve A, Fig. 2 ). After 45 min, however, the auxin-promoted rate reverted to a rate which was somewhat less than the control rate. The response of this tissue to the protein synthesis inhibitor, cycloheximide, was similar (curve E, Fig. 2 ). The lag time for cycloheximide, though, was shorter (approximately 15 min, C. Stahl, unpublished data).
Long term (8 hr) experiments with toxin and auxin reflected the results of the short term experiments (Table II) . Growth of control tissue was significantly inhibited by toxin; however, the auxin-induced increment of elongation was more greatly affected.
Cytokinin is similar to T-2 toxin in that it inhibited auxin- Table I. promoted elongation in excised soybean hypocotyl segments in much the same way, i.e. Vanderhoef and Key (16) and Vanderhoef et al. (17) showed that cytokinin inhibited auxin-promoted elongation more severely than control elongation. On the other hand, Helgeson et al. (6) have shown that T-2 toxin can decrease cytokinin-controlled growth rates in the tobacco callus After a 1-hr preincubation of 1-cm hypocotyl sections in toxin, tissue was transferred to the growth chamber. After 15 min auxin was added. Elongation rates were determined for the time periods prior to auxin application (control rate), after auxin application but before induction of the auxin rate (lag rate), and after induction of the auxin rate. The lag time is the time between auxin application and the first discernible change in rate as auxin-induced elongation begins. (14) , Samaddar and Scheffer (15) , and Wheeler and Black (18) have suggested that other mycotoxins may act at the plasmalemma, the effect of T-2 toxin on membrane phenomena of whole cells was tested. Since ion permeability is a very sensitive probe of membrane function, electrolyte leakage from soybean hypocotyl cells was measured. Toxin 5 1tM, which inhibited the induction of a faster rate of elongation by auxin, had no effect on electrolyte leakage (Fig. 3) during the 2 hr duration of the experiment. By comparison, an effect on toxin on elongation was evident within 45 min (Fig. 2) . DISCUSSION T-2 toxin inhibits elongation in soybean hypotocyl segments. While elongation of control tissue is only slightly affected by toxin, the auxin-promoted increment (1.51 cm minus 1.24 cm) is inhibited by 78% (Table II) . Cytokinin-induced radial enlargement, in the presence of auxin, is not, however, inhibited by the toxin (Table II) . These results indicate that T-2 toxin is specifically affecting auxin-induced cell elongation (and not generally affecting processes requisite to cell enlargement), and that, consistent with contemporary understanding of hormonally induced expansion, processes requisite to cell elongation are distinct from processes requisite to radial enlargement.
T-2 TOXIN INHIBITS HYPOCOTYL ELONGATION
Short term experiments, where the auxin-induced transition to a faster growth rate was observed, showed that while control growth rate was inhibited by toxin, the most dramatic effect was on the auxin response. A 45 min preincubation in 5.0 ,uM toxin was sufficient to render the tissue incapable of increasing its rate of elongation in response to added auxin. Lower concentrations of toxin allowed an increased auxin-promoted elongation rate; however, the auxin rate with toxin plus auxin was less than that with auxin alone, and toxin lengthened the lag period between application of auxin and response.
It has been suggested that promoters of cell elongation may act at the plasmalemma. Hertel et al. (7) found auxin-receptor binding sites in plasmalemma-rich fractions of coleoptile tissue. Sacher and Glasziou (13) and Kang and Burg (8) reported that auxin affects at least one specific function (control of the rate of water passage) of the plasmalemma. Although it must be noted that Kang and Burg (8) point out that the optimum and threshold auxin concentrations are different (by an order of magnitude) for elongation and the membrane effect, it is still conceivable that the two effects may be related. In addition, Hardin et al. (5) have described a factor which was released from Glycine max plasmalemma by incubation of a plasmalemma-rich fraction with auxin, in vitro; the factor was capable of stimulating the activity of soybean polymerase in vitro.
Since there is auxin-plasmalemma interaction, and since T-2 toxin alters the auxin response in treated tissues, it might be suggested that the toxin affects auxin activity by modifying plasma membrane receptor sites. There was, however, no noticeable effect of the toxin on the permeability of the membrane to electrolytes after 2 hr (Fig. 3) , whereas within 45-min toxin rendered the cells incapable of increasing rate of elongation in response to added auxin (Fig. 2) . Since protein synthesis is required for a sustained auxin enhancement of elongation (see Key, ref. 9 , and references therein), and since the lag time for toxin inhibition is 45 min, it is possible that T-2 toxin affects protein synthesis. This possibility is supported by ongoing experiments with H-HeLa cells where T-2 toxin appears to act as a "potent and highly selective inhibitor of eucaryotic polypeptide chain initiation" (Michael Cannon and Julian Davies, personal communication).
Inhibitors have proved invaluable in tracing metabolic events. Although the mode of action of T-2 toxin in plants is not known, careful study of the inhibition of hormonepromoted growth should prove rewarding. The differential effect on radial enlargement versus elongation especially enhances its worth as a tool in the study of cell enlargement. 
